This study aimed to provide baseline information about wild edible tree species (WETs) through surveying of different ethnic groups in dryland areas in Ethiopia. Here the data about WETs are scant, and WETs status is unexplained under the rampant habitat degradation. Use forms, plant parts used, status, ethnobotanical knowledge, conservation needs as well as those threats affecting WETs were reviewed. The study identified 88 indigenous wild edible plants, of which 52 species were WETs. In most cases, fruits were found as the dominant use part, and they were used as raw but were occasionally cooked and preserved. Roots and bark uses are also reported from Ximenia americana and Racosperma melanoxylon respectively. June, July and August were critical periods observed for food shortage in most of the regions. However, in the Gambella region, food shortages occurred in most months of the year. The respondents in this region suggested that WETs could potentially provide them with enough food to make up for the shortage of food from conventional agricultural crops. From the respondents' perception, Opuntia ficus-indica, Carissa edulis and Ficus vasta were among the most difficult to locate species, and they also received the highest conservation attention. Because of the variety of WETs and existing different threats, a management strategy is required for future conservation, as WETs are vital for the livelihood of local communities and are also necessary to devise a food security strategy for Ethiopia. The lesson obtained could also be useful in other dryland parts in developing countries with similar contexts.
Introduction
More than 700 million people are suffering from hunger worldwide [1] . In some cases, nutritional deficiencies are due to a lack of diversity in the diet [2] and an inadequate supply of micronutrients [3] . In this context, wild forest foods can play an important role as supplements to the staple diet [4] [5] [6] , by enhancing the diversity of the diet of many rural people in developing countries [7] , increasing the nutritional quality of rural diets [8] , and supplementing other food sources [5] during drought and famine periods. Thus, in recent years, there has been increasing attention focused on the sustainability of diets [5, 9, 10] and food systems, which has highlighted the need to conserve species diversity, mainly of forest resources [11, 12] in many parts of the world.
Wild edible tree species (WETs) are among the most widely used non-timber forest products and represent an open access source of food and medicine [13] , especially for vulnerable social groups. Thus, WETs are an important source of sustenance for many people in developing countries [6, 14] , improving household food security under normal circumstances as well as during crop scarcity periods [15] [16] [17] in urban and rural contexts [18] . Furthermore, WETs can represent important sources of income for their users [19, 20] .
More than 200 tree species have been registered as WETs in Ethiopia, which have been used since antiquity by rural people [21] . The wide range of climatic and edaphic conditions in Ethiopia enables a highly diverse range of WETs to grow in this country [22, 23] . However, anthropogenic factors are causing the decline of these natural resources in most habitats [24, 25] . Along with these factors, multiple components of climate change are also predicted to be the main drivers of biodiversity [26] , with all levels of impact on WETs.
Many of the WETs found in Ethiopia are readily available for their nutritional, medicinal and marketable use [23, 27] . The use of particular WETs is also determined by culture and location, and they continue to be maintained by cultural preferences and traditional practices. Although the use of WETs in Ethiopia has been investigated in different localities [23] , there are still many WETs that are inadequately characterized and neglected by research. This partly explains why the most valuable WETs remain undocumented, particularly in dry forests where there is a relatively large supply of edible products. This situation, thus, greatly undermines their conservation and sustainable utilization. Furthermore, indigenous knowledge about the use of WETs has not been sufficiently documented, leading to a cultural erosion of their uses [28, 29] . Consequently, interest in documenting information about wild edible food sources such as WETs in forest systems [30] around the world has increased in recent years. Ethnobiological studies of WETs are important to record information pertaining to the diversity of species used, the relative importance of each species, their different uses by indigenous communities, seasonal availability, and the conservation needs of the identified species, together with their main threats in the dryland areas of Ethiopia.
To enhance our understanding of the management and conservation strategies required for WETs in Ethiopia, we employed mixed methods to investigate different aspects of the same phenomenon [31] and gathered data from rural communities about traditional uses of WETs. We hypothesized that different rural populations would identify different uses for WETs according to their cultural history and locality. We also expected to find that different WETs face specific threats and that the conservation status for the main WETs would vary in each location. Thus, our specific objectives were (i) to identify tree species that provide edible products that are used by rural communities during periods of food shortage across different regions of Ethiopia; (ii) to evaluate the conservation status of the most consumed WETs; and (iii) to identify the main threats to these species and to assess how these threats varied across the studied areas.
Materials and Methods

Characteristics of the Study Areas
The drylands of Ethiopia consist of arid, semiarid and dry subhumid regions and cover approximately 55% of the land mass [32] . They are mainly found in the north, east and central areas of the Rift valley and also in the south and southeastern parts of the country, including a very wide and diversified range of agricultural environments. The altitude ranges from −124 to 1500 m above sea level. Rainfall is low, erratic, and uneven in distribution and ranges from 200 to 700 mm annually [32] . Soils in many drylands have low organic matter content, are highly eroded and have low fertility. The two main vegetation types in the dryland areas of Ethiopia are Acacia-Commiphora and Combretum-Terminalia deciduous woodlands [32] .
This study was conducted in the dry agro-ecological zones found in six administrative regions of Ethiopia: Tigray, Amhara, Oromia, Benishangul Gumuz, Gambella and the South Nations, Nationalities, and Peoples (SNNP) ( Figure 1 ). The inhabitants of these areas are sedentary agriculturists who practice mixed agriculture, crop production and livestock rearing. They commonly practice shifting cultivation and grow sesame, cotton and sorghum. The specific sites (i.e., the Woreda and Kebele) where the surveys were conducted are listed in Tables 1 and 2 . 
Data Collection: Sampling Technique and Sample Size
In this study, both the qualitative and quantitative data collection methods were employed. To collect data, two major primary data collection methods were used. The study was a cross-sectional survey of respondents from 19 Kebeles, the lowest administrative division in Ethiopia. This was supplemented with a total of 52 focus group discussions (Table 1 ) and 81 key informant surveys ( Table 2 ). The respondents were selected using random sampling methods by ensuring the inclusion of at least 20% female in the sample. The following selection criteria were used to select the communities in the sampling: (i) a high dependence on agriculture and forestry, (ii) food shortages caused by drought, (iii) a high level of representation of the major ethnic groups and (iv) easy of accessibility of the Kebele.
Focus Group Discussion
Focus group discussions were conducted in the studied areas (Table 1 ). Each focus group consisted of 10 participants, and a total of 520 individuals were involved. These individuals were selected randomly from each study area. The purpose of the focus groups discussion was to generate information on a complete list of food trees for the study areas, which is necessary to estimate proportions of food that are obtained from wild trees and different issues including shortage period, product type collected form the forest, part of the tree used and the pattern of consumption, collection and availability time of the wild foods.
Key Informant Interview
The purpose of key informant interviews was to assess threats to important tree species. All key informants were familiar and knowledgeable for the area and the tree species identified in the focus group discussion. Thus, those who were known for their knowledge of the food tree products as food, traditional healers (from the area), local foresters, wood cutters, hunters, market vendors (who sell products obtained from trees) and others were included. Also, these individuals were supposed to have relatively good knowledge about their community situation, local natural resources, the culture of the community and the respective changes in the area.
A face-to-face semistructured questionnaire survey was conducted to collect primary data from the sampled key informants ( Table 2 ). The questionnaire related to the objectives of this study was pretested with 15 randomly selected individuals in each region. Based on the results of the pretest work, necessary modifications to the questionnaires were implemented. Enumerators who were knowledgeable about the area were recruited from the study areas. Prior to performing the key informant interviews, the study objectives were explained to the enumerators, and they were trained in the methods of data collection and interviewing techniques. Finally, the survey was conducted on a total of 81 key informants. Hence, they shared their built-up knowledge and experience with the interviewer. The official language in Ethiopia is the Amharic language; however, the local people use their own languages. Thus, the surveys were translated from English to Amharic and from Amharic to local languages. In some cases, an interpreter conducted the surveys to ensure that the meaning of the questionnaires was not changed.
Data Analysis
Descriptive statistics were used to present the basic information obtained from the questionnaires. All the analyses were conducted based on the frequency of responses for each species, referring how many times the species were raised during the focus group discussion and key informant interviews. A final list of food tree species used by respondents was compiled from the questionnaires. The local names of the tree species were identified at their scientific name whenever possible following several keys [23, [33] [34] [35] [36] [37] .Clustering was used for the 30 most frequently used species based on the plant part used and how it was consumed by local communities. The cluster was based on the average linkage between groups. The statistical significance of the distance between groups was obtained by performing a chi square test using SPSS v.20. The chi square test was used for the 15 most frequently used tree species in order to analyze differences based on the following variables: period of food shortage, WETs food availability, ease of locating, conservation practices and regeneration presence. Respondents ranked the effect of different threats on each WETs on a scale of 0 to 4; therefore, Kruskal-Wallis and Mann-Whitney U tests were performed to analyze how the most frequently used species were affected. Data were analyzed using STATISTICA '08 edition software (StatSoft Inc., 1984-2008, the Netherlands).
Results
Diversity of Wild Edible Tree Species
A total of 88 wild edible plant species were identified by surveyed respondents as being utilized by local communities in the studied dryland areas of Ethiopia. Of these, 52 species belonging to 40 genera and 27 families were identified as WETs ( Table 3 ). The families with the greatest numbers of edible tree species identified by survey respondents were the Malvaceae (five species) and Moraceae (four species), followed by the Boraginaceae, Anacardiaceae, Arecaceae, Rhamnaceae and Rubiaceae, which each had three edible tree species. These families represent about 46% of the registered taxa. Furthermore, approximately 31% of families were represented by more than 16 edible species, whereas the remaining 23% of families were represented by only a single species. Based on the plant parts used and the method of consumption of the 52 WETs identified by respondents, the 30 most commonly reported WETs by the respondents in all regions were categorized into different groups (Figures 2 and 3) . The edible plant parts that were commonly used were the fruit, leaf, bark, root and seed. Although the fruit of all 30 of the most commonly reported species was utilized by respondents, the cluster analysis categorized these WETs into two main groups and two independent species (Figure 2 ). The first main group comprised 18 WETs that were mainly used for their fruit. However, respondents indicated that the root of Ximenia americana and Tamarindus indica and that the bark of Ficus sur, Celtis africana and Racosperma melanoxylon were also used by local communities. The second main group comprised 10 species that were grouped together based on the consumption of their leaves. In addition, the bark of Balanites aegyptiaca was also reported as potential food. Flueggea virosa and Vitellaria paradoxa, which are used for their leaves and edible fat seed, respectively, were grouped independently of the other WETs. WETs were also clustered into three different groups and two independent species when analyzed based on the mode of consumption: raw, cooked or preserved (Figure 3 ). The respondents indicated that the 22 species in the first main group (Figure 3) were consumed as raw fruit. Within this group, Tamarindus indica, Vitex doniana, Racosperma melanoxylon and Bauhinia thonningii fruit were also preserved for future use. The fruit of the four species in the second main group were consumed raw and when cooked. However, Carissa edulis was a unique species in this group because the fruit of this species was also preserved for future use. In the third main group, Flueggea virosa and Balanites rotundifolia were consumed raw and when cooked, and they were sometimes preserved for future use. The fruit of Balanites aegyptiaca, which was classified as an independent species, was used raw, cooked and also preserved for future use, and Vitellaria paradoxa fruit was used as a form of fat. 
Seasonality of Wild Edible Tree Species and Shortage Periods
Periods of food shortage and the availability of food harvested from WETs strongly varied among regions (Chi square test; p < 0.05). The critical periods of food shortage for most of regions were May, June, July and August. However, in Gambella, food shortages occurred for most of the months over the year. Also in this region, reported by the respondents, the food shortages in March, April and May were higher than that of the other months (Figure 4a ). The respondents in Gambella region suggested that WETs could potentially provide them with enough food to make up for the shortage of food from conventional agricultural crops during these periods (Figure 4b ). The Oromia region had the fewest months with food shortages. Furthermore, food shortages in South Nations, Nationalities, and Peoples Region (SNNPR) were reported, by respondents, more frequently for February than for other months. Although the impact varied across regions, the data also indicated that the availability of food in all the studied regions was reduced during August, September and October, indicating that WETs did make up for this shortfall during this period (Figure 4b ). Consumption patterns and plant part uses varied by regions (Chi square test; p < 0.05). Although the fruit of WETs were the most frequently used plant part in all the regions, far more respondents indicated that they consumed the fruit of WETs in the Gambella region than that in other regions (Figure 5a ). In Tigray and SNNP regions, the number of respondents that indicated that they consumed WETs as leafy vegetables was higher than that in other regions, and more respondents in the Benishangul Gumuz region indicated that they consumed the roots of WETs than in other regions.
Although the fruit of WETs was usually consumed raw in all regions, fruit was not cooked or preserved in Oromia, Amhara and Tigray regions (Figure 5b ). Root and leaf WET forms were also consumed when cooked and preserved in Benishangul Gumuz and SNNP regions, respectively. A greater number of respondents in the Gambella region indicated that they consumed wild fruit, leaves, bark and seed than respondents in other regions. People in the Gambella region consumed plant parts when raw, cooked (usually leave) or when preserved. 
Threats and Conservation Status
Based on the results from the respondents' view, most of the evaluated threats showed a significant influence (Kruskal-Wallis test, p < 0.05; Table 4 ) on WETs in the studied regions. Only grazing showed no influence on the conservation status of WETs (p > 0.05). The species were differently affected by the threats (p = 0.00). Individually, the species most threatened by all the threat factors was Celtis africana (p < 0.05). Pest and diseases, tree age and soil fertility were significant threats for Ziziphus spina-christi, Balanites aegyptiaca and Tamarindus indica tree species (Mann-Whitney U test; p < 0.05; Table 4 ). Table 4 . Effects of threats on the 15 most frequently used WETs based on the frequency (n = 494) of the responses for each threat: mean risk value for each threat categorized by respondents on a scale from 0 to 4 when considering the impact of each threat on each WETs. C: clearing of the forest, F: fire, G: grazing, T: timber harvesting, L: leaf harvesting, Fr: fruit harvesting, Fl: flower harvesting, R: root harvesting, B: bark harvesting, C: charcoal making, P: pest infestation, D: drought, AG: age of the tree, S: soil fertility condition of the site and O: others. According to the respondents' view, the regeneration status of different species also differed significantly ( Table 5 ; Chi square test; p < 0.05). Ziziphus spina-christi, Balanites aegyptiaca, Ximenia americana and Tamarindus indica showed the highest regeneration values ( Figure 6 ). Although affected by different factors (Table 4) , the perception of local people was positive regarding the regeneration of most WETs, except for Celtis africana, Opuntia ficus-indica and Diospyros mespiliformis, which were considered to have a relatively lower regeneration status respectively in their order. The ease of locating WETs was also significantly different (p < 0.05) depending on the species (Table 5 ). Based on the perception of the local people, Celtis africana was the most stable species followed by Ficus sycomorus, Bauhinia thonningii, Diospyros mespiliformis, Tamarindus indica and Balanites aegyptiaca, indicating these species were easily located in their locality. Among the key informants, 94.4% indicated that the ease of locating C. africana was the same as that in previous years. By contrast, Opuntia ficus-indica and Cordia monoica were perceived to be the most difficult WETs to locate compared with previous years (Figure 7a ). The conservation status of WETs differed significantly among species (Chi square test; p < 0.05), with Carissa edulis, Ficus vasta and Opuntia ficus-indica showing higher conservation values than that of the other species (Figure 7b ), indicating the conservation practice for these species by the local communities. In this case, the conservation practices considered by the local farmers included the deliberately leaving of trees on their farm land and sometimes planting of important wild edible trees in their garden.
Name
Discussion
Wild Edible Tree Species
Our current knowledge of wild edible species in Ethiopia has usually been derived from small-scale case studies [23] . In this research, we included representative regions with different ethnic compositions from the dryland parts of the country. We identified a total of 88 indigenous wild edible plants (WEPs), of which 52 species (56%) were WETs, and 30 of these 52 species were considered by respondents to be commonly consumed by the community, and they were considered to be the most useful species among those listed for the studied regions. The number of WEPs reported in this study was relatively low compared with the number of species documented in previous studies carried out by [33] and [34] in southern Ethiopia. The lower number of WEPs found in the present study may be associated with differences in local traditions and customs relating to the use of wild plants in different parts of the country. Thus, this may reflect social variations in nutrition, attitudes and preferences towards wild food sources. Hence, it also explains differences in agroecology in different parts of the country.
Our results identified the existence of similar cultural practices and knowledge regarding plant parts used and the consumption pattern of WETs among different local communities in Ethiopia. Based on the social perception of respondents, fruit was the main food resource obtained from the most frequently used WETs in our survey, which agrees with findings reported by a previous study [35] . Fruit is mainly consumed raw because, in general, the storage conditions are not suitable for storing fruit for consumption during periods of food scarcity. Leaves throughout, bark, root and seed of some WETs are also commonly consumed by respondents, such as Balanites aegyptiaca, Flueggea virosa and Vitellaria paradoxa. Leaves, bark and roots of these species can also be preserved to complement the diet during months of food shortage in the dryland areas of Ethiopia. Even the oil from some fruit and seeds is used to prepare butter, supplementing the diet with additional calories. The role played by these kinds of WETs and WEPs was previously highlighted as supplementary and used as seasonal food sources by different communities [23, 35, 36] in some areas of the country as a way of combating food insecurity. Despite the importance of WETs in the study area, these tree species have generally been overlooked compared with domesticated plant food sources [23] . Our survey provided a good opportunity for ethnobotanical research of Ethiopian WETs because we were able to obtain ethnographic data directly from local communities, including observations on food culture and botany, plus field observations of different agroecological practices in rural areas where WETs are traditionally used on a daily basis.
Seasonality of Wild Edible Tree Species and Food Shortage Periods
In Ethiopia, products from WETs are generally collected for subsistence use [34, 37, 38] mainly because the production of edible parts, such as fruit, is seasonal and, therefore, can only be gathered for a short period of time. The fruit harvesting season and uses vary from place to place, even from species to species. This is due to climatic and intraspecific variations. In Ethiopia, seasonal food shortages are a common phenomenon and occur mainly from July to September [39] when storage bins have been emptied and the new crop is not yet ready for harvesting. Our survey revealed that WETs are commonly used during periods of food shortage, seasonally during periods of food scarcity and to add variety to the diet. The extent to which WEPs are used also varied with respect to season. For example, in most parts of the regions surveyed, local respondents reported that the food shortage period occurred in May, June, July and August. However, rural communities from Gambella reported March, April and May as the period when food shortages were most severe. In line with our results, other studies have also indicated that during these periods of food shortage, local communities depend on WETs [33, 34, 40, 41] .
The survey results also revealed that some WETs are only consumed during periods of famine, such as Opuntia ficus-indica, Carissa edulis and Ximenia americana in the Amhara region and Syzygium guineense and Carissa edulis in the Oromia region. This might be because these species are only used to supplement the normal diets of many rural people [42] . The respondents in this study indicated that most of the WETs have multiple edible uses. This diverse use of wild plants demonstrates that the indigenous people have a close relationship with local biological resources and that their lives are based on the use of diverse plant species [36] . Indeed, trees have been used as a source of food and medicine since time immemorial and they have become an integral part of the culture of the society throughout the country [43] .
Threats and Conservation
Many threats affecting WETs are similar to those that affect other biodiversity resources in Ethiopia [44] . We evaluated threats affecting the 15 WETs reported most frequently used by local communities in the studied regions and their conservation status. The highest values/ranks were assigned to different WETs, including Celtis africana, Ziziphus spina-christi, Balanites aegyptiaca and Tamarindus indica. The respondents indicated that these plants are exploited more for their nonfood uses than for their food values. Overharvesting of these WETs to obtain fuel wood, medicine and for fencing, construction and forage purposes is aggravating the degradation status of these species in all the study areas. Moreover, the species were also affected by pests and diseases, which might have a direct influence on their degradation status. Diseases and pests start to occur when local communities change from a pastoral to an agropastoral way of life [33] . These factors can also limit the benefits that can be derived from the management and conservation of wild edible food plants in the dryland part of the country.
In general, owing to the diversity of WETs, conservation and management strategies are needed to achieve food security from the use of forest resources. Actions for the conservation and management of wild edible species include recognition of the limitations and the need to search for a way forward. Although all species with various uses deserve attention [45] , the most highly valued food tree species in this study, Celtis africana, Ziziphus spina-christi, Balanites aegyptiaca and Tamarindus indica, should be prioritized when considering management strategies, their conservation and domestication. Moreover, overexploitation of plant parts (i.e., roots, leaves, bark and wood) could cause plant death or low plant productivity. Thus, unsustainable harvesting and product utilization should also be considered because these can cause the depletion of WETs in their natural habitats. Furthermore, their conservation should be encouraged and enhanced through the application of in situ and ex situ conservation programs, giving special consideration to those species currently used by local communities in different parts of the country.
Conclusions
This study attempts to provide baseline information that can be used as part of a management strategy for sustainable natural resource utilization in addition to documenting WETs in Ethiopia. The findings are based on the social perception of local communities who reported the actual use and demand for species found in the studied regions. From their responses, we were able to highlight the existence of valuable WETs and details relating to their utilization in the lowland parts of the country. The study also shows that WETs play a major role as a source of food and are characterized by a very high frequency of consumption by locals and contribute significantly to their livelihood through various uses. Such uses demonstrate that local people have a close relationship with their local biological resources. However, a range of factors are now affecting the WETs in Ethiopia, indicating that conservation practices should be enhanced through the application of management strategies, giving special consideration to those species currently used by local communities. Hence, there is also an urgent need for research studies on WETs to promote their use as part of a strategy to improve the food security, nutrition and livelihoods of rural communities throughout the country. Thus, the experiential knowledge of different ethnic groups should be documented because it is important for the development and conservation of important tree resources. Funding: This research and the APC were funded by the Spanish Agency for International Development Cooperation (AECID), PCI C/032533/10. Check carefully that the details given are accurate and use the standard spelling of funding agency names at https://search.crossref.org/funding, any errors may affect your future funding.
